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ABSTRACT
Predation and competition are natural ecological processes, though these interactions
occasionally cause concern among humans when ecosystem services are involved (e.g., popular
fisheries in highly managed systems). The population of American white pelican (Pelecanus
erythrorhynchos) at Strawberry Reservoir (Utah) has increased dramatically in the last decade, as
have the populations of Utah sucker (Catostomus ardens) and Utah chub (Gila atraria). Anglers
and managers are concerned that predation by pelicans and competition from non-game fish
species are negatively impacting the reservoir's prized Bonneville cutthroat trout (Oncorhynchus
clarkii utah) fishery. My project focused on non-game fishes and is part of a larger project
examining potential pelican predation on fishes, with an emphasis on cutthroat trout. Our goals
included assessing potential for net bias, estimating age-class structure and body condition of
non-game fishes, and beginning investigations of the relative impact pelicans have on the nongame fishes of the reservoir. During the 2014 field season, we caught multiple species of fishes
using trap nets and gill nets, measured all captured fishes, conducted counts of the pelican
population, and gathered pelican diet samples. Using a Kolmogorov-Smimov test we determined
that gill nets are biased towards larger fishes. Based on length-weight regressions and Fulton's K
factor, we observed higher body condition for Utah chub relative to Utah sucker. By identifying
dominant modes of size-frequency distributions and comparing the modes to age-at-length data
from previous studies, we estimated that captured Utah chub are age-1 and older, while captured
Utah sucker are age-4 and older. We also evaluated the relationships between the number of
pelicans and the catch-per-unit-effort of fishes at four different locations in the reservoir, and
observed no clear relationship. These results will provide useful information for fish population
modeling in the future , for informing the next and final season of field data collection, and
ultimately for critical management decisions for both birds and fishes in the reservoir.
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INTRODUCTION
Freshwater systems are incredibly valuable, particularly when only 2.5 percent of the
earth's supply of water is fresh water. Reservoirs are man-made systems which provide all four
types of ecosystem goods and services. Recreation opportunities, such as angling, swimming,
canoeing, and kayaking, are numerous and fall under the cultural category. Food for anglers, and
fresh water and hydropower to nearby communities are direct provisioning benefits. Energy,
nutrient, and water cycling are regulating services. Supporting services include the habitat for the
species which provide recreation opportunities. Given this diversity of species, reservoirs have a
multitude of stakeholders, making reservoir management difficult. In addition, reservoirs are
novel systems. They are highly managed through stocking to create recreation opportunities
based on public input, often resulting in an unusual community strncture (Winters 2014). The
species present in the reservoir are not always native to the watershed. Further, piscivorous birds
such as American white pelicans (Pelecanus erythrorhynchos) and double-crested cormorants
(Phalacrocorax a11rit11s) often play a large role in the food web of a reservoir (Steinmetz et al.
2003; Derby et al. 1997; Ottenbacker et al. 1994; Scoppettone et al. 1994).
Strawberry Reservoir is home to Bonneville cutthroat trout ( Oncorhynchus clarkii utah ),
sterile rainbow trout (Oncorhynchus mykiss), kokanee salmon (Oncorhynchus nerka), redside
shiner (Richardsonius balteatus), Utah chub (Gila atraria), and Utah sucker (Catostomus
ardens). The reservoir was built in 1922 and has been managed ever since as an extremely
popular trout fishery. Yellowstone cutthroat trout ( 0. clarkii bouvien) and rainbow trout were the
original trout species found in the reservoir. Yell ow perch (Perea flavescens) and nongame
fishes such as Utah chub, Utah sucker, and common carp (Cyprinus carpio) were introduced in
the late 1950s. The populations of the nongame fish became so dense they began to displace the
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trout species; therefore, the reservoir was chemically treated to remove undesired fishes twice,
once in 1961 and again in 1990. Both events were successful in restoring the reservoir to an
excellent trout fishery (UDWR 2013). Since 1990, however, Utah sucker and Utah chub have
returned to the reservoir. These native ' invaders' (Carey 2012) and recent increases in American
white pelican populations are causing managers concern for the future of the cutthroat trout
population and fishery. Fishermen and managers fear that the presence of pelicans and increases
in non-game fish populations could cause trout populations to decrease, which could potentially
impact the fishery not only ecologically, but also socially, and financially. Fewer sport fish could
mean fewer visitors to the reservoir and fewer opportunities to educate the public about fish and
wildlife species. Fewer anglers could potentially result in fewer license and gear sales, which
encompass a large portion of funding for the Utah Division of Wildlife Resources, the agency
charged with management.
The overall goal of the project is to determine the relative predation potential by pelicans
on the fishes of Strawberry Reservoir with a focus on Bonneville cutthroat trout (Chapman et al.
in progress). Goals of my part of the overall project include analyzing data for potential net bias,
estimating body condition and age-class structure of chub and sucker, and analyzing the
relationship between the location of non-game fishes and pelicans on the reservoir. The results of
my project will inform the non-game fish aspect of the overall study.

STUDY AREA
Strawberry Reservoir is located in Utah's Wasatch Mountains (Figure la). Strawberry
Reservoir receives its water from the Strawberry Valley Watershed, which encompasses over

1232 16 acres and 170 miles of perennial tributary streams (UDWR 2103). There are roughly 20
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different tributaries that flow into the reservoir. Four locations of interest for analysis of the
relationship between the location of non-game fishes and distribution of pelicans are shown in
Figure 1b. Pelicans were observed and fish were catpured at all four locations. Of the four sites,
Strawberry River to the northwest and Indian Creek to the south are the primary tributaries used
by Bonneville cutthroat trout for spawning. Anecdotal accounts suggest pelican predation on
Bonneville cutthroat trout is thought to be much greater in the Strawberry River; however, this
has not been quantified and if it is true, the mechanisms are unknown

METHODS
Field Methods
We collected data on Bonneville cutthroat trout, rainbow trout, Utah chub, Utah sucker,
and American white pelicans from May to August 2014 as part of the first season of the overall
study. We used American Fisheries Society (AFS) standard survey gill nets and trap nets to catch
sucker, chub, and trout. We used two different types of nets to increase capture potential of
cutthroat trout. We set trap nets perpendicular to the shore and in the stream channel on Indian
Creek. The traps spanned the width of the stream, with the cod end of the net secured in the
center with a piece of rebar, which was pounded into the stream bed. The bottom of each wing
was weighted to ensure the net was flush with the stream bed. In the reservoir, we set the trap
nets perpendicular to the shore. We weighted the leader on the shoreline, and a weight and a
buoy on the cod end. Not every trap net set in the reservoir was equipped with wings, but all
were equipped with a leader. If a net was equipped with wings, we set the wings after we set the
cod end. We set trap nets for up to 24 hours. We set gill nets in the reservoir perpendicular to the
shoreline, and we anchored the nets with one weight and one buoy on each end. We set the gill

3

nets for 30-45 minutes in order to do our best to: 1) minimize mortality overall, 2) handle fish
with the least amount of stress possible, and 2) return as many live, tagged fish as possible to the
reservoir for potential recapture by pelicans.
We tagged Utah sucker and Utah chub just below the dorsal fin with external T-bar
anchor ("Floy") tags of various colors to specify species and size classes. Chub < 250 mm in
length received red tags, chub> 250 mm received orange tags, sucker< 250 mm received blue
tags, and sucker > 250 mm received purple tags. We visually searched for external T-bar tags on
pelican loafing areas in late July and early August 2014 in an attempt to determine to what
degree pelicans were utilizing the non-game fishes as diet items.
We captured pelicans using baited bow nets along the shoreline, and using extendable
hand nets in the water. We collected pelican diet samples using gastric lavage and opportunistic
retrieval from the water ' s surface and shoreline after involuntary regurgitation. Beginning in late
July continuing through early August, we scanned for tags and collected and measured carcasses
from pelican loafing areas.
In collaboration with the Utah Division of Wildlife Resources (UDWR) and other
volunteers, we collected pelican count data from road and aerial surveys. Observers used predetermined stops along U.S. Route 40 and Forest Road 131 (Strawberry Road) to be able to view
as much of the reservoir as possible. The observations typically started at one end of the
reservoir (e.g. , the viewing area along U.S. Route 40, Forest Road 629) and ran to the other end
(e .g., Renegade Point along Forest Road 131). Observers used spotting scopes and binoculars to
count the number of individuals from specific points around the reservoir. They recorded the
date, location, time, number of pelicans, and behavior (e.g. , feeding, swimming, loafing, or
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flying) . Observers conducted road observations at least twice weekly and at predetermined
random times during each day .
Data Analyses
We estimated the age-class structure of captured Utah chub and Utah sucker by creating
size-frequency distributions using length data gathered from May-July 2014, identifying
dominant modes, and comparing the modes with age-at-length data in previous studies. We
estimated the age of Strawberry Reservoir Utah chub and sucker by comparing the dominant
modes of our length-frequency distributions to the age-at-length of Utah chub in Scofield
Reservoir, Utah (Olson 1959) and age-at-length data from Bear Lake Utah sucker (Sigler and
Sigler 1989), respectively.
We estimated body condition using the Fulton Condition Factor (Murphy and Willis
1996; Williams 2000) :

K = (W/L 3 )*100,000
where, W = weight (g) and L

=

total length (mrn). We calculated body condition for each

species, and divided each species into size classes (small, medium, and large) based on length
(mm) and also summarized condition across months of the sample season.
Using Utah chub length and weight data, we created regressions for Strawberry Reservoir
and Scofield Reservoir, two similar high-elevation systems. We compared the exponents of the
resulting power functions to compare how chub in each system were growing.
To evaluate for potential size-based net bias between trap nets and gill nets, we
summarized the length of fishes captured in 10 1run bins, and the proportion of fishes captured in
each bin per net. We then tested these data for statistical difference using a Kolmogorov-
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Smimov statistical test (p < 0.05; Kirkman 1996). We also created a graph showing the length of
fishes captured in 10 mm bins, and the proportion of fishes captured in each bin per net.
We identified four different sites of the reservoir in order with which to analyze the
relationship between the distribution of pelicans and fish catch-per-unit-effort (CPUE; Figure
1b). We converted the fish capture to CPUE in an effort to standardize our calculations because
we did not spend equal amounts of time netting at each location. We determined these sites
based on the availability of not only netting data, but also pelican count data from May-August
2014. Indian Creek and Renegade are considered the same location for these purposes due to
differences in how pelican count data was gathered, specifically how locations were named. We
calculated the average CPUE (number of fish caught in our nets per hour) of Utah chub and Utah
sucker, and plotted each against the average number of pelicans at each site using SigmaPlot.

RESULTS
Based on our age-at-length calculations, we estimated that Utah chub captured from
Strawberry were age-1 and older (Figure 2, top panel), while the captured sucker are age-4 and
older (Figure 2, bottom panel). The most frequent age of captured individuals for both species
was age-7.
Body condition was highest for small chub and lowest for large sucker, and varied
differentially across the season (Figures 3 and 4) . Note, however, we did not catch any small
sucker ( < 250mm), likely due to set locations (e.g . near spawning tributaries used by mature
adults. Body condition for Utah chub decreased over time, while Utah sucker body condition
decreased from May to June, and then increased in July . Based on non-overlapping 95%
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confidence intervals, the difference in body condition was significantly higher for both species in
May, relative to June and July.
Length-weight regressions for Strawberry Reservoir [6.8 x 10-007 (x 3 5), R2 = 0.91,p <
0.01, n = 177] and Scofield Reservoir [6.64 x 10-006 (x 31 ), R 2 = 0.97,p < 0.01, n = 2203] Utah
chub were statistically significant (Figure 5). The model for Strawberry Reservoir exhibited a
larger exponent in the power function.
The results of the Kolmogorov-Smirnov (K-S) test were statistically significant (D =
0.3294,p < 0.05 , DF = 4; see Figure 1 in Appendix for K-S cumulative fraction plot). Gill nets
captured more large fishes than trap nets did, while trap nets caught more small individuals than
gill nets did. Both nets were equally effective at capturing medium-sized fishes (Figure 6).
We did not recover any T-bar anchor tags on pelican loafing areas during the 2014 field
season; however, we acknowledge that the probability of detecting a T-bar tag on a sandy beach
is relatively low.
We observed a relatively strong relationship between the average number of pelicans and
the average CPUE of sucker. This relationship was positive and linear, albeit with some notable
2

outliers (R = 0.97 , p = 0.03 ; Figure 8). In addition, we observed a similar pattern in pelican diet
samples (Chapman et al. in progress); about 95% of pelican diets were composed of Utah sucker,
and the other 5% was a mixhire of Utah chub, Bonneville cutthroat trout, and unidentified
salmonids. The size of fishes in the diet samples range between 375 mm and 550 mm.

DISCUSSION
The age-at-length results for Utah chub and Utah sucker in Strawberry Reservoir are
estimations. The Utah chub and Utah sucker age-at-length data were determined from sampling
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efforts in Scofield Reservoir and Bear Lake, respectively. Though the three systems are similar,
every reservoir is complex in its own way. Thus, gathering otoliths or scales to obtain a more
accurate age-class structure of the non-game fishes in Strawberry Reservoir would be an
interesting project for the second field season of data collection. In addition, knowledge of the
age of a fish can help us make inferences about reproduction and be helpful in population
modeling efforts in the future. The placement of our nets likely affected our age-at-length
estimations. We placed nets at the mouths of tributaries during spawning season. Utah chub less
than 250 mm are sexually immature and would not necessarily be present in the staging area with
sexually mature individuals, which explains why we did not catch many age-2, and age-3 chub.
We likely didn't catch many small chub and sucker because those size classes were not recruited
to our gears. Those individuals that were 250-350 mm in length are sexually mature, and were
also the majority of the chub caught, which is again explained by net placement. Individuals that
were greater than 350mm in length are likely too large for predatory fish to consume, but not
large enough that pelicans can't consume them.
The absence of age-2 and age-3 Utah chub coincided with the high body condition of
small chub in the body condition results. Because these age classes are not sexually mature they
are likely allocating energy to other activities elsewhere in the reservoir, such as finding food.
The body condition of both Utah chub and Utah sucker was above 1. We used a K of 1 because
in theory, length cubed should equal weight. In addition, there is no standard weight with which
we could compare for these non-game species. Energetic costs qf spawning are likely
responsible for the observed decline in body condition of both species over time. Fishes collected
from Indian Creek had the highest body condition of the sampled locations. Netting effort was
greater on Indian Creek, and the small sample size from other sites is a potential explanation.
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The length-weight regression results for Utah chub from Strawberry Reservoir and Utah
chub from Scofield Reservoir indicated that Strawberry Reservoir chub put on slightly more
weight faster than Scofield chub. Though the two reservoirs are similar high-elevation systems,
the species composition is slightly different. In addition, the sample size of Strawberry Reservoir
Utah chub is much smaller than the Scofield Reservoir sample size.
The difference in catches between nets is likely due to net placement in the reservoir, and
habitat differences between the net locations. The trap nets were set in the littoral zone of the
reservoir, meaning the zone of a lake or reservoir near the shore where enough sunlight
penetrates to allow vegetation to grow, while gill nets were set further into the pelagic zone. The
littoral zone is more favorable for the needs of smaller fish, such as protection from predators in
the vegetation. Larger fish are more likely to occupy the pelagic zone, meaning open water,
particularly in the summer to escape warmer temperatures at shallow depths. The difference in
catches may also be attributed to the difference in mesh sizes between nets. Though some gill
nets we used were experimental nets (i.e. , a single net contained different mesh sizes), the mesh
size overall was larger in gill nets than in the trap nets. Smaller fishes have the ability to swim
through gill nets unharmed. Use of both types of nets in one area, however, is complementary; a
wide range of sizes of fishes are caught.
There was no relationship between the number of pelicans and the CPUE of chub at the
four sites, though there was a slight positive trend between the number of pelicans and the CPUE
of sucker. More data are necessary to determine if fish numbers at different locations drive the
presence of pelicans. The majority component of pelican diets gathered during the 2014 field
season was sucker, though the birds don' t appear to be selective in size of their prey. We
recognize that pelicans move around the reservoir as seasons change. Because the data to
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calculate the relationship between Utah sucker and pelicans were gathered in the summer, the
results are not necessarily indicative of the relationship one may observe in other months of the
year.
Diet analyses coincided nicely with the positive trend discussed in the previous
paragraph. We note, however, that diet samples were collected late in the season, after the
Bonneville cutthroat trout spawning run. Thus, our estimates may be biased toward non-game
fishes in the diets of pelicans.
Many future research opportunities exist for the Strawberry Reservoir ecosystem. Nongame fish populations are important food sources for birds and salmonids in the reservoir, but at
what point do their populations become large enough to have detrimental effects to the trout
fishery? Understanding the structure and vital statistics of Utah chub and Utah sucker
populations in Strawberry Reservoir can potentially provide managers with potential indicators
of when chemical treatment of the reservoir is warranted, or when creating or revising
management plans should take place. Collection of Strawberry Reservoir otoliths or scales in the
future would provide a more accurate depiction of the age-class structure of these non-game
species, and it would be interesting to compare with the ages determined from the previous
studies, which were conducted in different systems and in different years. Ecosystems are far
from static, particularly over time . The results so far are based on one field season of data.
Another field season will be helpful in multiple aspects, including increasing sample size for
many samples.
The reservoir is a complex web of ecological and economic interactions and tradeoffs.
Results from this study will begin to inform managers about the potential for managing the nongame fish populations more effectively in order to maximize the benefits of the trout fishery.
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From personal observation, visitors to the reservoir, particularly anglers, don not find value in
the non-game fishes . At the same time, they aren't necessarily thrilled with the presence of the
pelicans either. Analyzing the puzzle one connection at a time can help researchers and managers
further our knowledge of the system, and ultimately maintain or improve one of the state's most
important fisheries .
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FIGURE CAPTIONS
Figure 1. Map of Utah and location of Strawberry Reservoir in the state (right). The four
locations of interest on the reservoir (left).
Figure 2. Frequency of Strawberry Reservoir Utah chub (top panel) and Utah sucker (bottom
panel). Age estimates are based on research by Olson (1959) and research by Sigler and Sigler
( 1987).
Figure 3. Body condition (K) of small, medium, and large Utah sucker (top panel) and Utah chub
(bottom panel). Note there is no condition recorded for small sucker because no small sucker ( <
250 mm) were captured.
Figure 4. Body condition of Utah chub (top panel) and Utah sucker (bottom panel) arranged by
month.
Figure 5. A comparison of length-weight regressions for Utah chub in Scofield Reservoir, UT
(grey; Winters 2014) and Utah chub in Strawberry Reservoir, UT (black). Scofield: Chub weight
= 6.64x10- 00 6(x 31 ), R 2 = 0.97,p < 0.01, n = 2203. Strawberry: Chub weight= 6.8 x 10-00 7(x3 ·5 ),
R 2 = 0.91,p > 0.05, n = 177).
Figure 6. The proportion of fishes caught in each net type. The solid line represents gill net
captures, while the dashed line represents trap net captures.
Figure 8. The relationship between average non-game fish catch-per-unit-effort (CPUE) and
average number of pelicans by lake area for four areas where pelicans were counted and fish
were netted in Strawberry Reservoir, summer 2014. Regression line is shown and equation (with
2
R value and sample size, n) for sucker catch (gray squares) in relation to average pelican counts
is given. The relationship between chub catch (yellow circles) and average pelican counts was
not significant.
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Figure I. Results of the Kolmogorov-Smirnov test for differences in catches between net types.
The x-axis represents length (mm) and the y-axis represents the percentage of fishes caught
below the corresponding x-value. The dashed line represents trap nets and the solid line
represents gill nets .

21

REFLECTIVE WRITING
The entire process of completing an Honors thesis was one giant, invaluable learning
experience. In the last few weeks of my final semester, I learned a valuable lesson about
procrastination as well. Through the process I learned that I still have a lot to learn, particularly
when it comes to scientific writing. I always preferred math and science in school, and was never
one for writing unless I could write about things that weren't real, like a cheatgrass monoculture
on Mars and Dr. Fee Busby riding a giant sage-grouse. I suppose that would be called "fiction."
I' ve realized that writing is just as, if not more, important than the ability to do math. I think a
successful scientist needs to possess the ability to communicate their study in a, well, scientific
manner but at the same time make it understandable to the public.
Not surprisingly, I enjoyed field work and data analysis the most. I love to be outside and
I love manual labor. Put me in the field for 14 or more hours. Let me pull nets. Cover me in mud,
fish slime, blood and other bodily fluids of various organisms, sweat, you name it. Send me to
scan for fish tags in muck up to my knees. I' ll be as happy as a little clam. I think my favorite
day was a 12-hour day. We got back that evening and I was covered in and/or smelled like:
blood (mine, pelican, and fish); live and dead fish slime (two distinctly different smells); pelican
in general, pelican vomit, and pelican feces (three distinctly different smells); mud; and sweat. I
thoroughly enjoyed learning about the Strawbe1Ty Reservoir ecosystem. Conducting spawner
counts and catching pelicans was one of my favorite parts, I think. Walking along Indian Creek
with the sound of the water flowing across the rocks and making my way through the green
vegetation, even in the hottest pati of the summer, was relaxing. I just about stepped on a badger
one day , which was an amazing experience. Catching pelicans from boats with the hand nets was
a grand time. I ended up swimming out into the reservoir for a bird one day. When the water
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level dropped at the end of the summer, it became more difficult for the boats to maneuver
through vegetation. One pelican made it into an area where the boat couldn't go. The pelicans
that didn' t fly away when the boats approached couldn't because they had a large fish in their
stomachs and were too stubborn to give it up (i.e., regurgitate).! hopped out and started running
along the shore after this particular pelican, but I tripped and fell into the water. The pelican kept
swimming away, amused, no doubt. My thought process was, "Well, I'm already wet. Why not?"
I swam out into the water after it, netted it, and swam back to shore so we could tag it. I found
data analysis enjoyable because I was able to put the story together. Though, just because
something is statistically significant doesn't mean it is biologically significant, and vice versa.
The hardest thing about data analysis was creating the graphs. I was introduced to SigmaPlot as I
created posters for presentation, and it was frustrating to create a graph while thinking about
other things, look away for a minute, look back, and see that the scale was off, an axis was
mislabeled, or the font on the legend wasn't large enough. SigmaPlot is my new favorite
program though!
The actual composition of my thesis was hands-down the most difficult aspect. To be
completely honest, "senioritis" hit me hard once spring arrived. I am usually a "balls to the wall"
kind of person, and not much scares me. When something does, though, I tend to shy away. The
thesis itself wasn't scary. I was more afraid of disappointing people than anything, so I started
writing my thesis months in advance, had a very rough draft completed, and left it alone for too
long. I am well aware that my scientific writing style is not great (that doesn't mean I don ' t try,
which almost makes it worse).
I completed the project a little backwards. At the beginning of the 2014 field season, I
knew I was going to do something with the non-game fish aspect of the overall project. Though,
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I was relatively new to the fisheries field at that point, and I didn't really know what I was doing.
Hindsight is always 20/20. I learned so much about proper field techniques and what not to do
just from analyzing data last fall and this spring.
I presented my project at four different conferences in the spring of2015 at the Utah
Wildlife Society chapter meeting, the Utah Chapter of the American Fisheries Society meeting,
the USU Spring Runoff Conference, and the USU Student Research Symposium. I gave two oral
presentations and three poster presentations. I presented a poster on an honors contract at four
different conferences last year which made the poster presentations this year so much easier. In
fact, I won an award for best poster at the Wildlife Society meeting. The two oral presentations I
gave this year were absolutely terrifying, but I a pattern. The more often you do something, the
better and more comfortable you become. Thus, I have confidence that oral presentations and the
composition of manuscripts will get easier as time continues.
I am a perfectionist, and it's really hard for me to know that I didn 't do things perfectly
and my thesis isn't perfect. Are there things I would go back and change or data I would gather if
I could? On one hand, absolutely. I would go back and change my sampling methods and gather
as much data as humanly possible on everything I could. But I don't have a time machine, so
that 's out. On the other hand though, I wouldn't change a thing. Even though they bother me, I
can look at my mistakes as learning opportunities. I can use what I learned through this process
to improve the manner in which I conduct research in the future and avoid the same mistakes.
The entire experience of completing a thesis for Honors has given me a small idea of
what I can expect as a Master's student. I will look back with fondness on my experience in the
program over the last few years. Thank you Honors, for enriching my undergraduate experience.
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